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Introduction
There are many known examples of polyborate salts with either metal or non-metal cations (NMCs), and they exhibit great structural diversity [1, 2] . Polyborate anions are classified as either 'condensed', containing polymeric chains, layers, nets etc, or as 'isolated' with well defined anionic entities [3] . Both systems may be prepared from aqueous solution although more forcing conditions are often required for the condensed systems [4] . Within the isolated systems, polyborate anions containing three [5, 6] , four [7, 8] , five [9] , seven [10] [11] [12] [13] , eight [14] , nine [15, 16] , fourteen [17] and fifteen [18] class. It is becoming increasingly apparent that crystalline polyborate products which are formed are more strongly influenced by H-bonding interactions and crystal packing forces than by reaction conditions/reactant stoichiometry since many polyborate species co -exist in aqueous solution as a consequence of rapidly attained equilibria [19, 20] .
Literature reports of nonaborate (3-) cations, respectively [15, 16] . As part of a continuing study relating to the thermal properties of NMC polyborates [6, 13, 21] we were interested in preparing more examples of these rare non-metal cation salts with nonaborate anions (Figure 1 ) and have investigated the synthesis of polyborate salts derived from related imidazolium cations.
However, for the reason described above we were unable to isolate further examples of these nonaborate salts but we successfully prepared a number of salts containing pentaborate anions (Figure 1 ). The synthesis, characterization and thermal prop erties of these new pentaborate salts form the basis of this manuscript.
Results and Discussion

Synthesis and characterization
Characterization data reported for 1 and 2 are limited to single-crystal XRD studies and elemental analyses [15, 16] . We successfully re-synthesised these two compounds by the literature method [15] , with bulk samples of satisfactory elemental analysis data.
Spectroscopic data for these compounds are discussed below and are reported in the experimental section. IR spectroscopic analysis has been described as an under-rated tool for polyborate structural analysis, and detailed literature assignments have been made for monoborate through to hexaborate species [22] . IR data for 1 ( The attempted syntheses of a series substituted tris(imidazolium) nonaborate(3-) salts by Schubert's method (3:1 ratio, high temperature) were all unsuccessful and resulted in materials which were identified as substituted imidazolium pentaborate(1-) salts. The substituted imidazolium cations used in this study are illustrated in Figure 2 . The products were obtained in low yields but increasing the B(OH)3:imidazole ratio to 5:1 resulted in the formation of these pentaborate(1-) salts in higher yields. This method has been previously used to prepare 
The ionic structures of 6, 7, 9, 10, 12 and 13 were confirmed by single-crystal X-ray studies (see section 2.3). Spectroscopic and thermal data are reported in the experimental section and NMR and IR data for the X-ray determined structures were in accord with their crystallographic structures and data for 3, 4, 5, 8, 11, and 13 were comparable. 11 B NMR spectra showed peaks at +18, +13 and +1ppm consistent with equilibria linking monoborate/polyborate species [19, 20] as has been observed before for pentaborates in aqueous solution [21] . 1 H and 13 C NMR spectra were in accord with their formulated structures with NH and BOH protons producing a broad signal at ~+4.7ppm. IR spectra for all pentaborates showed the diagnostic band at ~925cm -1 [23] . The 1 H and 13 C NMR spectra of the cation in 13 is consistent with a 'planar' structure [25] .
Thermal properties
The thermal decomposition properties (in air) of compounds 4-13 were studied by TGA 
XRD Structural studies
The formulated ionic structures of 6, 7, 9, 10, 12 and 13 were confirmed by single crystal XRD studies. Crystallographic data are given in Table 1 and full details are available in supplementary data. All structures contained the expected substituted imidazolium(1+) cations or the imidazolinium(1+) cation partnered with a pentaborate(1-) anion. All compounds showed extensive H-bonded anion-anion interactions and the cations in 6, 7 and 12 were disordered over 2 sites. Compound 6 was crystallized with 1 water of crystallization. The co-crystallization of small molecules such as H2O or B(OH)3 within the anionic lattice is not uncommon and these additional molecules serve as 'spacer' molecules which expand the H-bonded lattice [13, 14, 26, 28] .
Bond lengths and bond angles associated with the boroxole rings of the pentaborate anions found in 6, 9, 10, 12 and 13, are generally in accord with literature data for other bound to O. These structures need no further comment other than noting that the H bond interactions arising from the pentaborate donor sites are  for 6 and  for 9, 10, 12 and 13, where and  are pentaborate acceptor sites, and  is an H2O acceptor site [13, 14] . In all cases the -interactions are through R2 2 (8) reciprocal pairs [34] . The  motif is commonly observed in herringbone or brickwall structures [14, 21] and compound 9 has a herringbone structure. The C(8) -interaction for 9 is shown in Figure   3 . The -interactions in 10 and 12 are through R2 2 (12) reciprocal pairs ( Figure 4 ), rather than the C(8) interactions. The cations in 3 and 13 have very similar volumes and steric requirements and differ by only 2H atoms, and as a result the crystallographic data for 13 is very similar to that which has been previously reported for 3 [21] . The imidazolinium ring in 13 is crystallographically planar with eclipsed H atoms at saturated carbons with a C-C distance of 1.529(2)Å which is significantly longer than the distance found in the imidazolium salt 3 (1.328(4)Å) [21] and the other substituted imidazolium compounds reported here, 1.336 (8) yielded crystals of 9 suitable for XRD studies. 
4-Methylimidazolium pentaborate, [4-MeC3N2H4][B5O6(OH)4], (5). Method as 4,
2-Ethyl-4-methylimidazolium pentaborate, [2-Et-4-MeC3N2H3][B5O6(OH)4], (10
1-Ethyl-3-methylimidazolium pentaborate, [1-Et-3-Me-C3N2H3][B5O6(OH)4], (11).
Method as 7, Yield = 3.09g, 90% from 3. loss of H2O 13.0% (10.9% calc); residual B2O3 57.5% (52.5% calc). 
2-Isopropylimidazolium pentaborate, [2-i Pr-C3N2H4][B5O6(OH)4], (12)
.
2-Methyl-2-imidazolinium pentaborate, [2-Me-C3N2H6][B5O6(OH)4],
X-ray crystallography
The crystallographic data collection of compounds 6, 7, 10, 12 and 13 were performed using a Nonius Kappa CCD diffractometer with Mo K radiation ( = 0.71073Å)
controlled by the Collect [35] software package and an Oxford Cryosystem N2 open flow cryostat at 120(2) K. The data were processed using Denzo [36] and semi-empirical absorption corrections were applied using SORTAV [37, 38] . The crystallographic data collection for compound 9 was performed on a Rigaku AFC12 diffractometer equipped with an enhanced sensitvity (HG) Saturn724+ CCD detector mounted at rhe window of a FR-E+ SuperBright rotating anode generator (Mo K radiation ( = 0.71075Å )) equipped with VariMax HF (High Flux) optics at 100(2) K. Software package CrystalClear-SM Expert 2.0 r 13 [39] was used for the cell determination, data collection, integration, scaling and absorption correction. Crystallographic data are given in Table 1 . The structures were solved by direct methods and refined by full-matrix least-square procedures on F2 using SHELXS-97 and SHELXL-97 respectively [40] . All nonhydrogen atoms were refined anisotropically.
Crystallographic data for 6, 7, 9, 10, 12 and 13 have been deposited with the Cambridge 
Conclusions
A series of substituted-imidazolium(1+) pentaborate(1-) salts have been prepared. IR spectra can be used to differentiate between the imidazolium nonaborate (1) Caption for Table 1 Crystal data and structure refinement for 6, 7, 9, 10, 12 and 13.
